Abstract. -The crystal field energies and Griineisen parameters of the individual crystal field levels of ~m~+ in TmCu2 were determined from specific heat and thermal expansion data above TN. The magnetic phase transitions are discussed with respect to magnetic entropy and molar volume.
Introduction
The orthorhombic TmCu2 compound (CeCuz structure type [I] ) is an antiferromagnet below TN = 6.3 K with further magnetic anomalies at 4.3, 3.9 and 3.3 K and a Schottky-type specific heat abomaly at = 50 K [2] . The aim of the present work is to study the magnetic ordering and crystalline electric field (CEF) effects in view of new experimental facts. Details about the experiment and the sample preparation will be published elsewhere [3] .
Results and discussion
The specific heat and isotropic thermal expansion (a = : / 3) above TN (Figs. 1, 2) were analysed simultaneously in order t o obtain phonon parts Cph and a p h as well as the CEF (or Schottky)-contributions Csch and as&,, where Cph and a p h are described by a Debye temperature OD and Csch and asch are desdribed by CEF-levels A; and Griineisen parameters d In Ai 'Yi =--
[4, 31. The electronic contribution C, in this temperature range is low -in the calculations it was represented by a gamma of 9 ~J K -~ mol-l, comparable to other RCu2 [5] and rare earth metals [5] . The electronic part of a was neglected. The a p h and Cph were n' Y given by a p h = ACph, A = ; n is the compressibility, '~~h a lattice Griineisenup&rameter and V the molar volume of TrnCu2 (31.32 x m3 mol-l). The quantity n for TmCu2 is as yet unknown, so we used A = 12 x lo-* ~m -' mol-l, a value quite close to that for YCu2 [5] . The interpretation of C (T) and a (T) above TN was then reduced to determining OD, Ai and Gi = 2 , where the final solution for Ai ' 7ph ( Fig. 1) should conform to the general Hamiltonian for an orthorhombic CEF [3] . One solution of this many parameter problem (OD, G; and the CEF parameters y i ) being in agreement also with other experimental facts (see below) is quoted in table I and figure 1. The negative values of Gi for the low-lying CEFlevels cannot be explained by the point charge model. It seems band electrons (probably 5d) contribute considerably to the CEF in TmCu2 and the negative G; values are a result of a quite complicated volume dependence of the CEF parameters. Similar effect was observed for DyCu2, TbCu2, ErCu2 [7, 81 and TmSb --
The Netherlands.
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Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19888189 In order to prove the magnitude of A1 to be c the order of 1 K, we measured the specific heat of Tmo.2Yo.sCuz, where the CEF effects are not masked by a phase transition above 2.6 K. We obtained a value of A, = 3.5 K.
The molar magnetic entropy Sm of TmCuz ( 3~s multiplet) should reach the maximum value of The magnetic structure determined by neutrons on a powder sample of TmCua at 5 K 1101 is a combination of transverse modulated moment component (TSW) parallel to the b-axis and a non-modulated component parallel to the a-axis. The easy b-axis follows from the lowest quasi-doublet wave functions Jrz) and Irl) 131. However, the existence of the a-axis component is diEcult to explain from the CEF level scheme. A remarkable effect is, that the a-component is in good agreement with the anisotropic properties of the dipole-dipole interactions [3] .
The magnetic transitions at 6.3 and 4.3 K in TmCu2 are clearly reflected not only in the specific heat data [2] , but also in the a (T) (Fig. 3) . All the effects observed below TN are connected with the negative 3amV (c.f. [7] ). When the lattice and elecYm = -~C r n tronic specific heat is substracted from C (T) we can deduce the remaining part of Sm (T) (Fig. 4) . Using (Y (T) we determined the temperature dependence of the molar volume (Fig. 4) . As seen the transition at TN is of second order (AC s: -5.5 JK-' mol-', AD -7.0 K-'). Then from the Ehrenfest's relation [3] we obtain d ~n -4 x kbar-'. dp
The phase transition at TI = 4.3 K is of first order (AS cz 0.55 JK-' mol-l, AV 1 ! -1.2 x 10-l' m3 mol-I). Using Clapeyron's equation [3] we d ln TI
have -E -5 x kbar-I (c.f. [ll] ). This dp transition is connected with a drop in A1 of E -1.5 K [3] . The anomalies at 2.7 and 3.1 K show pronounced hysteresis (see Figs. 3, 4) . This effect seems to be a first order transition (AV cx -3.0 x lo-' ' m3 mol-', AS 0). Therefore this transition should be extremely sensitive to internal stress. Then the observed hystereses in (Y (T) and also in M (T) [3] in this temperature range indicate an important role of the magnetoelastic interactions.
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